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Abstract 
 
According to Directive 95/2/EC dated on 20.02.1995 of the European Union (EU), the benzoic acid 
belongs to the preservatives allowed conditionally, and the quantity of benzoic acid added to foods is restricted 
by upper limits. There are many methods available for the analysis of benzoic acid in foods and the decision as 
to what method should be used depends on the matrix to be analyzed. Most of the methods are for liquids and 
further method development may be required to adapt these methods to be applicable for all matrices.  
As all tomato sauce and ketchup available on our market are made with benzoic acid addition and their 
consumption is high, the operational parameters leading to the development of a method for the analysis of 
benzoic acid within tomato sauce and ketchup have been studied, the technique used is the high performance 
liquid chromatography together with diode array detection (DAD). It has been tried to validate the analysis 
method settled, in terms of sensitivity, linearity range, reproducibility, repeatability and recovery. The method 
provides a stable retention time and a limit of detection of 0.8 mg/kg in the sample at a signal to noise ratio of 3. 
For analysis, the sample is extracted or diluted with water, and the solution of the sample with the benzoic 
acid is purified by an extraction with Carrez reagents. The benzoic acid in the sample test solution is separated 
on a C18 chromatography column in a reversed phase, detected by absorbance at the wavelength of 217 nm and 
quantified with a calibration graph. 
 
INTRODUCTION 
 
One of the most common food, typical for the Mediteranean diet is tomatoes, tomato 
sauce respectively, which provides, besides β-carotene, the red carotenoidic pigment –
lycopene - as a single source for this latter one. Different from the other fruit and vegetables, 
where the nutritious content decreases when cooking them (thermal treatment), the tomato 
processing determines the increase of bio-available lycopene concentration. Thus the products 
made of processed tomatoes such as tomato juice, tomato pasta, tomato sauce and ketchup 
contain the highest lycopene concentration. There are proofs that a frequent consumption of 
such products decreases the risk of heart attacks, cancer (especially prostate cancer), diabetes, 
osteoporosis and even infertility.  
In order to increase the life time of tomato sauce and ketchup, benzoic acid is added as a 
preservation agent. 
The benzoic acid, the sodium salt and its derivates are used for fruit, vegetable, meat, 
eggs, fish and margarine preservation. It has a more powerful bacterial action than the 
antifungal one, that increases with the pH decrease and in the presence of NaCl (it works 
through the undislocated molecules) [4]. The toxicity of benzoic acid as well as of the 
derivates is reduced. In high recurrent doses, it produces irritations of the digestive mucous 
membrane and decreases the digestive usage coefficient by depressing some enzymes (pepsin, 
trypsin, polypeptidases, D-amino acid oxidase) [12]. People worried as benzoic acid and its 
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salts could react with the ascorbic acid within some drinks, forming small quantities of 
benzene which is cancerous or an agent that can cause cancer. The major ingredients that lead 
to benzene formation are ascorbic acid and any of the benzoates products, especially sodium 
benzoate, potassium benzoate or calcium benzoate [12]. 
 The major food groups contributing to dietary intake of benzoic acid are prepared 
salads, confectionery 1500 mg/kg; food supplements, preserved vegetables 2000 mg/kg; 
liquid egg 5000 mg/kg; cooked seafood 2000-6000  mg/kg, soft drinks 150 mg/kg; alcohol-
free beer 200mg/kg, Sacramental grape juice 2000 mg/kg etc. The acceptable daily intake 
(ADI) for benzoic acid is 5 mg/kg body weight. 
 According to Directive 95/2/EC dated on 20.02.1995 [6] which, by article 1 paragraph 
3 a, points that “the preservatives are substances that increase the food preservation time by 
protecting them against the damages caused by micro-organisms”, benzoic acid (E 210), 
sodium benzoate (E 211), potassium benzoate (E 212) or calcium benzoate (E 213) belong to 
the preservatives allowed conditionally. As the directives of the European Union regulate the 
applicability fields and the maximum quantities for each of these preservatives, it is required 
that methods should be elaborated and validated for determining their quantity. 
Methods that have been developed for benzoic acid in foodstuffs include gas 
chromatography (GC) [2], high pressure liquid chromatography (HPLC) [3,11], micellar 
electrokinetic chromatography (MECC) [5], the use of lanthanide-sensitized liminescence [1], 
spectrophotometric [7], high performance thin layer chromatography (HPTLC) [8] and 
potentiometric [9]. 
The NMKL-AOAC method [2] was collaboratively tested on apple juice, almond paste 
and fish homogenate (at 0,5-2 g/kg levels), representing carbohydrate-rich, pasty and rich in 
fat and carbohydrates and protein rich foods. The AOAC liquid chromatographic method [11] 
was collaboratively tested on orange juice and is applicable to the determination of 0,5-10 
ppm benzoic acid in orange juice. An other suitable HPLC method for benzoic acid in 
foodstuffs was collaboratively tested on orange squash, cola drinks and pie filling [3] and is 
applicable to the determination of 50-2000 mg/kg benzoic acid in foodstuffs. 
The decision as to what method should be used depends on the matrix to be analysed. 
Most of the methods are for liquids and further method development may be required to adapt 
these methods to be applicable for all matrices. 
In this paper, the operational parameters that shall lead to the development of a new 
analysis method of benzoic acid in tomato sauce and ketchup have been studied, the technique 
used is the liquid chromatography together with diode array detection. It has been tried to 
validate the analysis method settled, in terms of sensitivity, linearity range, reproducibility, 
repeatability and recovery (deviation of the answer). The method has been developed 
according to the specifications of the standard SR EN 12856/2001 [10], which, although 
developed for the determination of acesulfame-K, aspartame and saccharin, it also allows 
determination of the benzoic acid. 
 
MATERIALS AND METHOD 
 
Mainly, the sample is extracted or diluted with water. The solution of the sample with 
benzoic acid is purified by an extraction with Carrez reagents. The benzoic acid in the sample 
test solution is separated by reversed phase chromatography on a 250 mm × 4,6 mm i.d., 5 µm 
particle DS HYPERSIL C18 column, detected by absorbance at the wavelength of 217nm and 
quantified with a calibration graph. 
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Benzoic acid - certified reference material with 99,9% purity has been used, produced 
by SUPELCO (47508). All the other reagents were of analytical purity or for chromatographic 
use. The stock solutions and the corresponding dilutions were made in ultra-pure water and 
were stored in dark places between the experiments, at low temperature (+4°C).  
HPLC was performed with a Surveyor Thermo Electron system comprising vacuum 
degasser, Surveyor Plus LCPMPP pump, Surveyor Plus ASP autosampler, diode array 
detector with 5 cm flow cell and Chrom Quest 4.2 software. 
The determinations were made in isocratic conditions, at 20°C, using a mobile phase 
made of 60 % phosphate solution (c(KH2PO4) = 0,02 mol/l), adjusted to pH 4,3 with 
phosphoric acid (w(H3PO4) = 5%) filtered through a polyamide membrane (0,2 µm) and 40 % 
acetonitrile. The volume injected was 5 µl and the flow rate of the mobile phase was 1ml/min. 
For preparing the sample, 5 g of homogenized sample are weighed, to the nearest 1 mg, 
into a 50 ml volumetric flask, 30 ml water are added and the flask is placed in an ultrasonic 
bath at 40°C for 20 minutes. 2 ml Carrez solution no. 1 is added (15 g of K4(Fe(CN)6)⋅3H2O 
in water diluted at 100 ml), it is mixed and 2 ml Carez no. 2 solution is added (30 g zinc 
sulfate (ZnSO4⋅7H2O) are diluted in water at 100 ml). The solution is shaken and it is kept at 
the room temperature for 10 minutes. The clarified sample mixture is centrifuged for 10 
minutes at at least 1400 g before filtering it quantitatively into the 50 ml volumetric flask. The 
settled matter is washed twice with water and it is centrifuged again, each of the supernatants 
are collected in the 50 ml volumetric flask and the solution is then diluted to the mark with 
water. The test solution is filtered through a membrane filter (0,45 µm) before injection. 
 
RESULTS AND DISCUSSION 
 
Validation of the method. Determination of the performance parameters for the 
developed method 
To test linearity, standard solutions of 10 mg/l, 30 mg/l, 50 mg/l, 70 mg/l and 100 mg/l 
were prepared and analyzed. The calibration graph is linear, with five calibration levels, it has 
the equation y = 1,47358e-005x-1,14653 and the correlation coefficient is r2 = 0,99965. 
To test peak area and retention time reproducibility, Chrom Quest software allows the 
calculation of the relative standard deviation (RSD) for the retention time of benzoic acid, for 
all levels of the calibration graph and the calculation of the relative standard deviations (RSD) 
for peak area at each calibration level. 
The relative standard deviation (RSD) for the retention time was of 0,154%, therefore, 
on standard solutions, the HPLC method developed for the chromatographic separation of the 
benzoic acid provides stable retention times. The calculation of peak areas led to a RSD 
between 0,037 % (conc. 50 mg/l) and 1,358 % (conc. 30 mg/l). 
In order to establish the method traceability on real samples, a sample of ketchup - 
commercially available - was taken for analysis, sample containing benzoic acid. Applying 
the developed method, the benzoic acid in the ketchup sample was determined by giving five 
injections. At this sample, five increasing addition levels of benzoic acid were added. Thus, 
0,5, 1, 1,5, 2 and 2,5 ml of stock solution with a concentration of 1g/l benzoic acid were 
added after weighing, water dilution and cooling, so before Carrez clarification. This might 
correspond to an addition of 10, 20, 30, 40 and 50 mg/l respectively in the sample test 
solution. 
The concentration of the benzoic acid in the test solution of the witness sample was 
determined and the concentrations of benzoic acid in the addition test solutions were 
calculated. 
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The five addition samples and the witness were chromatographically analyzed with five 
injections according to the developed method and for benzoic acid, the samples were treated 
in a way similar to a six points calibration graph, with the calculated concentrations in the 
abscissa, as pointed above, and with the peak areas corresponding to the benzoic acid in the 
addition samples in the ordinate. The calibration graph achieved is linear, with six calibration 
levels, the first level being the test solution of the witness with no addition. The equation of 
this graph is y = 2,03489e-005x – 18,4549 and the correlation coefficient r2 = 0,999733. 
In figure 1, it is shown the chromatogram achieved for one of the injections of the 
witness sample. Addition samples have benzoic acid concentrations within the linearity range 
of the method (1 – 100 mg/l). 
As it proceeded with the determination of the method traceability for standard solutions, 
we tested the reproducibility of the peak areas and of the retention time and for traceability for 
real samples. The relative standard deviation (RSD) for the retention time was 0,105 %, so on 
real samples the HPLC method developed for the chromatographic separation of the benzoic 
acid provides stable retention times. The calculation of the peak areas led to a RSD between 
0,095 % and 0,149 %, very good values under 2%. 
  
 
Figure 1. HPLC of a test solution obtained from the witness sample of ketchup. 
 
In order to determine the standard reproductibility deviation, the standard solution of 50 
mg/l benzoic acid was analyzed by 10 repeated injections. The chromatogram achieved for 
one of the ten injections is shown in figure 2. 
By the help of Chrom Quest software, there were calculated the relative standard 
deviations for retention times, heights and peak areas of the benzoic acid for the ten replicates. 
For the peak areas, RSD = 0,569 %, very good value placed under 2 % limit which proves a 
very good reproducibility of the method developed.  
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Figure 2. HPLC of a standard solution of benzoic acid (c = 50 mg/l). 
 
The method repeatability shows the variability noticed inside a laboratory in a short 
period of time, using a single operator, equipment etc. 
For determining the standard repeatability deviation, a sample of ketchup with addition 
(30 mg/l) was integrally processed ten times, every time preparing the sample (dilution, 
Carrez clarification, centrifugation, and filtration) and chromatographically analyzing, 
according to the method developed. By the help of Chrom Quest software there were 
calculated the relative standard deviations on retention times, heights, and peak areas of the 
benzoic acid for the ten duplicates.  
For the peak areas, the RSD value is 0,068% which proves a good repeatability of the 
method developed. The fidelity noticed will be an essential component of the measurement 
uncertainty of the method developed.  
The robustness directly investigates the sensibility of the method toward a certain 
parameter. This is achieved by a robustness test where the effect of a parameter change is 
noticed. We choose the sample test injection volume as a parameter, proceeding in the 
following way: a sample of ketchup was analyzed by the method developed, but using 
different injection volumes for the chromatographic analysis.  
Four levels of the sample injection volume were used: 2,5 µl; 5 µl; 7,5 µl; 10 µl, with 5 
injections (replicates) for each variant.  
The samples are analyzed and the concentrations are calculated using the calibration 
graph achieved, which was elaborated using a sample test injection volume of 5 µl. The 
injection volume variation should determine a variation of the concentration achieved in 
direct proportion with the injection volume practiced. As a result, we proceeded with the 
analysis and the calculation of the concentrations in the four experimental variants and 
drawing a dependence graph of benzoic acid concentration depending on the injection volume 
used. The equation of the dependence concentration of benzoic acid on the injection volume is 
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y = 14,3556x + 2,2023, and the correlation coefficient is r2 = 0.9997. This value proves a 
good sensibility of the method toward the injection volume parameter. 
The robustness of the method was also investigated by choosing the mass of the sample 
analyzed as parameter. The value achieved is RSD = 0,7788 %, illustrating the sensibility of 
the method as against the mass of the sample analyzed.  
The method recovery can be expressed as value observed divided by value expected. 
There were achieved average recovery values between 95,78 % for an addition level of 
10 mg/l in the test solution (sample final concentration of 509,5 mg/kg benzoic acid) and 
85,53 % for an addition level of 50 mg/l in the test solution (sample final concentration of 797 
mg/kg benzoic acid).  
The detection limit was 0,08 mg/l in the test solution, which corresponds to a 
concentration of 0,8 mg/kg in the analyzed sample. 
 
CONCLUSIONS 
 
An HPLC method with diode array detection was developed for the quantitative 
determination of benzoic acid in tomato sauce and ketchup. The method provides stable 
retention time and a detection limit of 0,8 mg/kg. 
For analysis, the sample is extracted or diluted with water and the solution is purified by 
an extraction with Carrez reagents. The benzoic acid in the sample test solution is separated 
by reversed phase chromatography on a 250 mm × 4,6 mm i.d., 5 µm particle DS HYPERSIL 
C18 column, detected by absorbance at the wavelength of 217 nm and quantified with a 
calibration graph. 
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